Gauge semi-simple extension of the Poincare group 



Dmitrij V. Soroka* and Vyacheslav A. Soroka^ 



Kharkov Institute of Physics and Technology, 
1, Akademicheskaya St., 61108 Kharkov, Ukraine 



Abstract 

Based on the gauge semi-simple tensor extension of the L>-dimensional Poincare 
group another alternative approach to the cosmological term problem is proposed. 

PACS: 02.20.Sv; 11.30.Cp; 11.15.-q 

Keywords: Poincare algebra, Tensor, Extension, Casimir operators, Gauge group 



*E-mail: dsoroka@kipt.kharkov.ua 
^E-mail: vsoroka@kipt.kharkov.ua 



1. Recently the approach to the cosmological constant problem based on the tensor 
extension of the Poincarc algebra with the generators of the rotations Mab and translations 
Pa [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19] 

[Mab, MJ = {gadMbc + gbcMad) -{c^d), (1) 

[Mab, Pc] = QbcPa - gacPb, (2) 

[Pa,Pb]=cZab, (3) 

[Mab, Zed] = {QadZbc + QbcZad) - {c ^ d) , (4) 
[Pa, Zbc] = 0, 
[Zab, Zed] = 

was given by de Azcarraga, Kamimura and Lukierski [20] . Here Zab is a tensor generator, 
Qab is a constant Minkovski metric and c is some constant. 

In this paper we present another approach to the problem based on the gauge semi- 
simple tensor extension of the £)-dimensional Poincare group which Lie algebra has the 
following form [13, 21]: 

[Zab, Pc] = ^ {gbcPa - QacPb) , (5) 

[Zab, Zed] = ^^[{gadZbc + gbcZad) - (c O d)], (6) 

whereas the form of the rest permutation relation (l)-(4) is not changed. A is some 
constant. 

The Lie algebra (l)-(6) has the following quadratic Casimir operator: 

P"P„ + cZ'^^'Mba + ^M'^'Mab = Xkh'^'Xi, 
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where = {Pa, Mab, Zab} is a set of the generators for the Lie algebra under consideration 
(l)-(6) and the tensor h^'' is invariant with respect to the adjoint representation 



The inverse tensor hki {huhl"^ — SfJ") is invariant with respect to the co-adjoint represen- 
tation 

hki — hmnU'^kU'^i- 

2. Let us consider a gauge group corresponding to the Lie algebra (l)-(6). To this 
end we introduce a gauge 1-form 

A = A^Xk = dx^ie^'^Pa + ^c^/^M^ft + ^B^'^'Zab) 



with the following gauge transformation: 

N = G-^dG + G-^AG, 

where G is a group element corresponding to the Lie algebra (l)-(6). Here arc space- 
time coordinates, e^" is a vierbein, ijj^ is a spin connection and is a gauge field 
conforming to the tensor generator Zah- 

A contravariant vector of the field strength 2-form 



F = F^Xk = dA + A^A= -dx^ A dx^'F^^ 
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is transformed homogeneously under the gauge transformation 

F'^'Xk = U\F'Xk = G-'F^XkG. 

The field strength 

Ffxv = Ffj^J^Xk = + [A^, Aj,] 

has the following decomposition: 



Here 



where 



is a torsion, 



1 1 

p TP ip_i E> Ji/r I fP ah y 

^ p,v ^ p,v -'a ~r 2 -'"ab ~r ^ t''^ ^ab- 



rp a rp a I o aft 



ab ^3 , , ab I , . ac, , b 



is a curvature tensor and 



is a component corresponding to the tensor generator Zab- 
An invariant Lagrangian has the following form: 



e e / 1 A \ 

L — —-hkiFni, Fp\ g'^'^g^ — - l-Rfj,^,^ Fpx^ab + '^F^^"' Fpx-ab — Fixv"'Fp\;a] g^^g'^ ■ 

Note that there exists a curious limit c ^ oo which results in 



L^£ = QiJ + A-^T^/T^^) e. 



where R = R^u^'^ea^eb' is a scalar curvature, g^'^ = g°'^ea^ei,'^ is a metric tensor, e = det e^" 
is a determinant of the vierbein and A is a cosmological constant. 

3. Thus, we have presented another alternative approach to the cosmological term 
problem within the gauge semi-simple tensor extension of the Poincare group. 
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